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April 15, 1966 

Commanding Officer 
U.S. Army Munitions Command 
Picatinny Arsenal 
Dover, New Jersey 

Attention: Mr. E. Miller SMUPA-DK4 

Subject : Output Studies of M42 PrJmer 

Reference: Contract No. DA-28--017-AMC-ltJ13(A) 

Dear Sir: 

\\*  »l.'* Enclosed are the results of our output studies on the \\i\2  primer 
which were made for Mr. Pelphrey. This material will also be summarized in 
our final report of the referenced contract, 

2. The data Indicates that there are significant differences between 
the output to be expected from the four mixes used in this primer. Tlio output 
was found to be most violent (approaching detonation) v?ith the PA1U1 mix. The 
WCC 358 lot delivered the most enersy in a burning action. The output of 
Lot WCC 1-15 was similar to the latter but somewhat reduced in magnitude and 
possibly under tighter control. The output of Lot PA1U1 war. very low with 
very little burning action. A better quantitative description of the relative 
racing of these lots Is shown in Table 2. 

3. It is Interesting to note that the application of the UV/TR detector 
has enabled us to see very large differences in the behavior of th^se lots. 
These differences provide a means for making a selection of the various lots 
depending upon the nature of the output desired. 

Very truly yours, 

cc: J. Pelphrey P.A. 
D. Seeger P.A. 
500 file via E.E. Hannuro 

B2337 
.•< 

K. G. Amicoue 
Group Leader 
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FOREWORD 

ThlP study was performed  under thu Rt»ncra]   program Studies of 
Electric Initiators by the Applied Physics* I«ibüratory,   one of the Franklin 
Institute Research Laboratories under the sponsorship of  the U.S.  Army ' 
Munitions, Command,  Plcatinny Arsenal,  Ammunition Group,   SMUPA-DRA,  Dover, 
New Jersey,  under Department of the Army Contract No.  DA-2b-017-AMC-1915(A) 

Key personnel In the study ere E.  F. Hannum,  Manager, Applied 
Physics Laboratory;  R.   G.  Araicone,  Group Leader;   and M.  G.  Kelly, Project 
Leader.     Contributors Include B.  Mackrell and H.  T.  Tucker. 

The assistance of J.  Pelphrey of Plcatinny Arsenal is gratefully 
acknowledged. 
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ABSTRACT 

v 
Tljo output characteristic" of four different lots of MA2 Percussion 

Caps l^v; 'icen Studied with a hip;h-speed, broad-band, two-color optical 
pyrometer (UV/IR Radiation Output Detector).  The output characteristics 
studied were the relative energy history, the temperature history, relative 
brisance, and blast pattern.  Lots WWC 358 and WWC 1-15 exhibited low 
brlsnnce, lemy, sustained, burning activity, and coruscation in the output. 
Lot PA-101 eyhibited hi^h  brisance, little burning, and no coruscation. 
Lot 100 exhibited low brisance, little burning and no coruscation. The 
burning temperature of all four lots was in the range of 2500r"to 2700* 
Kelvin. 
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OUTPUT TESTS M42 PERCUSSION CAPS 

1. INTRODUCTION 

Under the sponsorship of Piaotinny Arsenal thu Franklin Institute 

Research Laboratories havu developed an flfctropyrometrlc device which nuy be 

used to evaluate the output of detonating devires such as blasting caps and 

fuze trains as well as deflagrating devices such as squibs, primers and igniters# 

This device, called an Ultraviolet/Infrared Radiation Output Detector, has been 

used to discern qualitative and quantitative differences iiv the outputs of four 

different lots of M42 Percussion Caps. 

Briefly, the UV (ultraviolet)/tR '(infrared) Radiation Output Detector 

consists of two broadband, high speed photoirultipliers each of which exhibits 

spectral sensitivity in a different portion of the spectrum. The photomultipliers 

are directed to sense the output radiation and the resulting voltage signal 

from each photcmultipller is recorded on an oscillograph as a function of time. 

Since the spectral distribution of any light source is dependent upon its 

temperature and energy output these, and other related parameters, can be 

studied by properly evaluating the oscillographic data produced by the two 

photomultipliers. The construction and the theory of the UV/IR Radiation Output 

Detector are discussed in detail in Appendix A of this report. 

The actual arrangement of the drop tester and UV/IR Radiation Output 

Detector is shown in Figure 1. A 3.5 ounce steel ball was'used at a drop 

height of 7.5 inches giving an impact energy of 26.5 inch-ounces. This Impact 

energy is more than enough to Insure the firing of all four lots of percussion 

caps. The all-fire data supplied by J. Pelphrey of Picatinny Arsenal arc 

given in Table IB of Appendix B for each lot of M42 Percussion Caps.  Figure 2 

shows the details of the firing pin which was used and Figure 3 shows the details 

of the centering fixture. Note that the output end of the percussion cap is 

almost completely unobstructed. Thus, the UV/IR detector is, able to view as 

much of the output flame as possible. Since the radiation level from some 

of the percussion caps was low, a 3.5 inch distance between the cap and detector 

was necessary to insure sufficient radiation detection. 

- 1 - 
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2.    OUTPUT PARAMETERS STUDIED 

The output  pjivaraotors which were specifically studied were  the energy 

history,  approximate  temperature history,  and brisance.    From these parameters 

others may be derived but these,  especially,  are of major interest. 

2.1   Energy History of Output 

Since the output of the percussion caps is relatively "soft" and the 

shock output  low, most of the eneryy output  can be accounted for by observing the 

intensity of the emitted radiation.    Furthermore, the temperature of output flame 

and subsequent  radiation is low relative to, detonation phenomena.    For these 

reasons the energy history of the TPlbZ percussion caps was observed using only 

the infrared photomultipller  (an RCA 7102).     Three distinct types of phenomena 

were observed in the output of the percussion caps. 

2.1.1 Initial Burst Period 

There was observed in a]1   the  lots an initial burst period  starting 

at the first trace of output radiation and lasting for 300 to 900 microseconds. 

In most cases the radiation shows a rapid rise and a gradual decay.    The 

short duration of this radiation suggests a transient type of initiation.    Although 

the exact mechanism of the initiation is not known the action of the  firing pin 

compressing the percussion mixture against the anvil is a reasonable setting for 

hot spot initiation.    Figure 4 shows a typical oscillograph produced by the 
t 

initial burst radiation. 
I 

2.1.2 Induction Period ;. 

In the case of lot WWC 358 and WWC 1-15 there was observed a period of 

little or no radiation output  (relative to the initiation radiation).    On an 

average this period of low radiation output  started at 500 microseconds and 

lasted for 1000 microseconds.    Figure 5 illustrates this phenomena.     It is 

probable chat during  this period the percussion mixture is undergoing  further 

initiation.    The initial flash of the type seen in Figure 4 may be a very local 

initiation of the mix and the percussion mix itself may not encourage further 

rapid initiation.     Instead,  the Initial flash may induce the surrounding mixture 

^ - 2 - 



to start chemical reaction at a very low level until full-fledged burninR can 

occur.  Thus, the delay period may be more aptly called an induction period. 

2.1.3 Burning Period 

The third phenomena to be observed with 1R radiation detector vas a 

period of burninß.  The long irregular radiation plateau identifies the 

observed phenomena as burning.  The burninp, period is shovm in part in Figure 5 

and usually lasts from 1.5 to 100 milliKeconds depending upon the lot.  All 

four lots of percussion caps exhibit some burning after the initial burst or 

Induction period. 

2.1.4 Energy History Summary 

The energy or activity history" of each of the four lots of MA2 percussion 

caps is summarized graphically in Figures 6A through 6D. Data from 5 to 10 firings 

In each lot of caps were averaged so that each curve represents the energy history 

of an average item from the particular lot. The initial burst, induction, and 

burning times as well as the relative Intensity of each of these phenomena is 

shown on these curves.  The same data are summarized in bar-graph form in 

Figure 7. In general the range of variation In the durations and intensities 

shown as an average in Figures 6 and 7 is + 60%  for Lots WWC 358 and WWC 1-15 and 

about + 20% for Lots PA-101 and 110. 

2.2 Approximate Temperature History 

For temperature measurements both the infrared and ultraviolet photo- 

multipliers are used and a dual trace oscillograph cf the type shown in 

Figure 8 Is obtained.  As discussed in Appendix A the temperature of the source 

may be estimated with a ratio of UV to IR radiation intensity if the source 

radiation is blackbody or#vgreybody in nature. Due co the composition of .some 

of the percussion mixes the emitted radiation may not completely fulfill these 

conditions so that the temperature history presented in Figure 9 should be 

called approximate in lieu of further investigations. The temperature-time 

curves for each lot are average values for the particular lot. The temperature 

range of 2000° to 2700° Kelvin seems to be reasonable for a soft output device 

such as a percussion cap. 

" - 3 - 
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2.3 Bn'sance 

When speaking of "soft" output devices such ad the M'»2G percussion cap 

the term brisance is almost without meaning since the term Is o properly Identified 

with the detonation pressure. Since there is some violent action associated 

with tho Wt2C.  rnpB, howov«>r, we hnve tried to mnVa  pome efitlmate of the relative 

brisance or "shattering action" of each lot. 

The estimate was made by measuring maximum rate of rise of the oscillograph] 

truces produced by the Initial burst radiation. Figure A shows such an oscillograph I 

and Section 2.1.1 of this report discusses this type of radiation. A fast rate 
f 

of rise  in relation to a slower one indicates more brisance.     Table 1 lists the I 
average of the maximum measured rise rates "for each lot.    The actual voltage 

rise rate as measured on the oscillograph as well as an estimate of the maximum 

radiant watts per second is given.    The latter factor was computed by assuming 

a 510 ohm load across the RCA 7102 photomultipller output and an average radiant 
I 

sensitivity of A milliwatts/ampere. 

Table 1 

MAXIMUM RATE OF RADIATION INCREASE OF FOUR LOTS OF M42 PERCUSSION PRIMERS 

Rate of Increase of 
Maximum Voltage Rate of Rise Radiated Power 

Lot No. (volts/millisecond)  (waits/second) 

110 .18 .0014 

WWC 1-15 A. .032 

WWC 358 10. .079 

PA-101 800. 6.3 

* 

If we allow the equation of these rise times with brisance it  is obvious that 

Lot PA-101 has the greatest brisance.    This is verified in practice since the 

cup itself is destroyed when the item is fired.    The cups of  the other three 

lots remain intact.    Audibly,  the ranking of the lots corresponds to that of 

Table 1.    Lot  110 produces the least  "snap" whereas lot PA-101 soundsi like a 

miniature detonator. 

- A - 
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3.    SUMMARY AND CONCLUSIONS ACCORDING TO LOT 

3.1 Lot WWC 308 

This  lot has  the longest burning  time of the four lots.     It  also shows 

the greatest variability in output.     IknrnJ.ng  times an  ]ow as 65 milÜKecondy and 

as high as 250 milliseconds have been obyerved.     To pain soiuc  inlonunticn us to 

the output pattern,  a 7 inch square piece of white poster board was placed beneath 

the centering fixture at a distance of 3.5 inchefj.    The percussion cap WHS fired 

and any solid material or burning of  the  card was noted.     Figures 10A,   li and C 

arc copies of    cards used to test three different lots of WWC 358 percussion caps. 

A quantity of blast material has adherrcä  to the card thus indicating  that there 

Is hot solid material expelled  from the  caps   (coruscation).     The variability 

between the three figures (10A, B and C)  gives some indication of the variability 

In output of which we spoke earlier. 

3.2 Lot WWC 1-15 

Since the percussion mix of this lot  is similar to that of lot WWC 358 

we expect and,  Indeed,  find that its output is similar to the WWC 353 caps 

(see Appendix B Table 2B).    The energy history of both lots is similar and both lotj 

reach a steady burning temperature of 2500° Kelvin.    Figures 11A,  B and C show 

blast patterns for three caps from this lot.     Typically, there is more coruscation 

from WWC 1-15 items but the patterns seem more  confined and reproduc-ble than 

those of lot WWC 358. 

3.3    Lot PA-101 

The high rate of radiation emission (sec Table 1) from this lot indicates 

that there is a tendency towards detonation. We note in Figure 9 that the 

temperature rises to its maximum value of 2660° Kelvin more rapidly than the 

other three lots. Also noteworthy is the extremely intense, initiation radiation 

seen in Figure 6C. The other three lots show relative initiation intensities of 

only 5 or 10 while the PA-101 lot goes up to A00. This high intensity may be 

- 5 - 
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due  In part  to the aluminum content in the percussion mix since we have seen,  in 

our experience, a brightening of detonator radiation duo- to aluminum.    There is 

also  thfj possibility of partial shock    ionlzation of the air in this case. 

The lead styphnate contained in the mix is probably the largest 

contrlbutln;:  fürtci.-  to  the high bvlsnncc und  the explosive nature of  the output 

reaction accounts for the low-level,  short duration burning in this  lot.    The 

output of  this lot would be good for initiating other explosives which require 

mild shock and medium-high  temperatures. 

» 
When a white card was placed under the PA-101 percussion caps only a 

small amount of loose powdery material was deposited. The material did not adhere 

to the cards Indicating that the. particles were small and probably cool by the 

time they reached the card. 

3.4 Lot 110 

This lot has the least brlsancc and shortest burning time of any of the 

four lots of M42C percussion caps. Even though its percussion mixture is similar 

to that of the PA-101 (see Appendix B, Table 2B) the lead styphnate is apparently 

diluted to the point where it will not exhibit a detonation-like output. The 

maximum temperature reached by this lot is the lowest at 2520° Kelvin and the 

white card test shows about the same quantity of loose, powdery material as 

the PA-101 lot. 

3.5 General Conclusions 

Final conclusions about these four lots of MA2 percussion caps should 

be Influenced partly by the exact intended use of the caps. Lacking this 

information we must generalize.  Enough data has been collected with the aid 

of the UV/IR Radiation Output Detector to define both the apparent and subtle 

differences between the four lots. In general the output of Lots WWC 358 and 

1-15 seem to be predominately burning in nature while the outputs of Lots 

PA-101 and 110 show little burning and a tendency towards detonation. One could, 

therefore, select a lot to perform a "soft" or a "hard" Initiation task. Table 2 

summarizes all tests on the M42 percussion caps on a relative basis. 

•^    - 6 - 
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Table 2 

RELATIVE RATING OF FOUR LOTS OF K42 PERCUSSION CAPS 

Energy evolved 
in Initial burst 

(In less than 1 msec) 

Energy evolved 
in burninf, Relative 

Relative 
Magnitude 

.1  (n.-gligible) 

Dur fit ion 
Interjirot. 

(msec) 

Anount  of 

Lot No. Relative 

2 

Peak 
Brisance 

Interpretation 

small 

Coruscating 
Particles 

110 1 negligible none 

WWC 1-15 10 small 2   (medium) 35 medium Medium 
Regular Pattern 

MWC 358 6 small 3  (large) 110 long Medium 
Irregular Patterr 

PA-101 400 large '     ".2  (negligible)    4.5 short none 

- 7 - 
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QU-B2337-1 

i. co:;smjCTio:i o? r^ZuQ^on 

O^T output detector conoiLüs of tv/o phoworultipliers which 

me&surö tho ratio of tho intensity of a broad band of lijht in the 

ultruviolot i'o^ion oi" t.ho tip..)otru,.n to tl.o i:*.tenuity of «4 'crot.d b^nd 

of li^ht'in tho infrared region of the spoctru.n. fho ultraviolet, 

photOiT.ultiplier is an HCA 1?23 and the infrared photomultiplier is 

an RCA 7102. The typical relative responses of those photoraultipliors 

as used in the output detector are shown together in Figure Al. 

Figure A2 shows the physical layout of the photorüultipliers. At the 

top of the picture we have the output detector housing. At left, center 

we see the 1?28 along with its dynode divider resistors. At right, 

center is the 7102 which receives tho light through tho head of its 

envelope. At the bottom left is the input filter cell housing which 

holds protective sapphire windows, diffusers, and "gray" filters. At 

botto.-, right we have the bea.~ splitter which divides the incoaing 

light between the 1?23 and 7102. Both photo™altipliers are shockrüounted 
and the assembled detector is shown in Figure A3. Figure A4 shows the 

detector on its tripod (a heavier housing for the l?2ö, is shown in this 

Figure). 

Figure A5 is a sirplifiod block diagra.T. of the entire 

detector system. The power supplies are conventional and produce a 

variable voltage of from 0 to 1200 volts at 200 millianperfes. The 

dynode voltage dividers are non-inductive and external to .the output 

detector housing to prevent temperature problems (a modifibation not 

shown in Figure A2). 

The oscilloscope used is a dual beam Tektronix 551. 

Presently, the ratio of UV (Ultraviolet) to IS (Infrared) photomultiplier 

outputs is taken by first obtaining a set of traces from the device to 

be studied (sea typical traces in the body of this report) and then 

graphically obtaining the UV/I?. ratio as & function of time by using 

dividers.  This is time consuming but in these early stages automation 

of these calculations is unnecessary. 
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QU-]i2337-l 

So.~e of the chcrücteristics of the dotector are ao follows: 

Response ro2ion:      as shown in Fi^'^re Al 

Response speed:    a rise ti.~o of less than $00 
nknoüocor.cij hes boon r.^csurod, 

Linearity:    with the proper ;;r£.y filters tho 
linearity i.s wiuhin 2/'o over several 
magnii,udes of light intensity. 

2 a     TKLCfbTj^ ^.C'UJ SJOJJ^'S 

In a practical sense tho device which wo have described dees 

not measure discrete energy transitions as described by the fundamental 

equation SA •» ht but, rather, averages. Therefore, sn equation such 
w 

as Planck's blackbody equation is .-ore suited to describe the radiation 
emanating fror, the explosives.    Indeed, the output detector itself is 
actually a iwo-color optical parameter which wo will discuss briefly 

so that we nxy better understand the operation of the output detector. 

As a start we refer to Planck's ecuation^" which expressed 
the specific intensity of radiation of wavelength X radiated by & 
blackbody at the temperature T: 

S (ec2/W - I)"1 
(1) 

where 
E^ ■ Radiant flux esiitted per unit area per unit increment 

of wavelength, watts/cr^/ca 
-12 2 c, " constant = 2.7^. x 10       watts ca 

c2 ■= constant •= 1.^33 ca 0K 
X    *= radiation wavelength, or. 
e    «= 2.71823 

T ** absolute temperature of source, K 

L, :-ix Planck, Checr^r of Hs^t. I^cmillian, 1932, p. 275. 
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QU-B2337-1 

Since there are no perfect bia-ekcodies, e.-:issivity (c) v.'hich 

expresses the rczio of radiant flu:-: c.7d.x.tcd by a given surface to that 

chitted by a blacktcdy ^uri'ace at tho Sc-r.e temperature and wavelength, should 

oe s. no «.uc eü; 

| [^ - x)'1 (2) 

Eaissitivity is usually a function of both wavelength and temperature but. 
for now \:e v.111 assvjr.e it is constant over the wavelengths of interest. 

Equation (2) «iiy bo simplified, if XT « C2, to 

a. 
ec t^) (3) 

which is knov.r. as V.'ienfs Equation and is a good approximation for teapera-1 

tures bclov; Z,CG0oX and wavelengths in tha visible and ultraviolet portion 
of the spectrur..    If we now consider that a rseasuresient of radiant flux 

2.  is zz.de at wo different wavelengths or wavelengths bands then we will 
arrive at an equation which .expresses the ration of the flux's E.    and 

aX s 

"X 

-x 
rv  .L      ■-.       \ / 

^?ir^ (4) 
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his ccr* be reduced'öO 

fafl _ k\ a« Uä.r e-~u.    ^i 
.K 

(5) 

The enässivity v;hich ve ht-ve considered 00 be conötaivt over tl-.o 

v/avelons^hs of interest hi.3 been ccncellod out, in ecuation (5) end 

the rctio P. is only & function of tei^jercture T.    In actual practice 

there are fev; surfaces or radiation sources which poscess aa c:üssivity 

which is constant at all wavelengths, however, the ratio pyroiüotor is 

useful because the eniissitivity of a surface varies slowly over a 

range of wavelengths.    Thus, if the two measured wavelengths arv noz 

too far apart then the ra-io of the enüssivities will be close to one 

and ecuation (5) will be valid.    Since only a ratio is being rrioasjured 

the ratio pyrorueter is not affected by fluctuations of the radiation 

source (if the sensors can follow the fluctuation) due to dust, smoke 

or changes in the source size. 

The following are sorr.e references which deal direcüly or 

indirectly with the two color, pyrometer: 

1. Laramore, S. G. and Johnson, D.M., A Xethod for-'Deterrinirg 
the Sffective Slitting Temperature of a Hadiatliig Body, 
U.S. Naval Asauniwion Depot, Crane, Indiana RD.TH No. 441 AD 6041$. 

2. Kottenstette, J.P.j    Fast Response Optical Pyrofceter;   Design 
News;   Dec. 9, 1964, pp. 163-193• 

3. Dennen, R. and Reiffel,  L., Development of en 2xplcdins "ire 
Facility (Confidential Report), Armoui' Research Foundation, 
W/ä3D T?. 61-45, AD 326 156. 

4<    C-erhauser, J. li. Spectral Smmisivity of Flash Combustion Reaction 
Study Program, North American Aviation, Inc. Report No. 
KÄ 64-10>, AD 431 927. 

5.    Various Commercial conceiv.s. 
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It is of i-.portt-r.cc to Icr.ov/ the upper and lower limits 

of the cluV-cr-or'a tcrpc-^aiure n^£,auri;i3 cbili'cy.   In order to deteradno 

the cpprc.x:lr.;c-e tc.v.pire-Uire r&r.o of the output, detector system we 

perfor.v.cd son.o e-piriccl Oulcull.-ions using the following assumptions: 

Both the l?2c and the 7102 ere t.ssi:r.ed to have the same 
rcdiar.o sensitivity at ~.hoir n;..v; reüponce.    (This could 
bw brou^.x. i-bou- In acvui*! p^ac^-co by properly adjuoting 
-he power supply voltc^e 00 each photo.v.ultiplier.) 

'.    Both photccultiplicrs are &3su;.'.cd to h&ve the response 
shown in l-'i-are Al.    The response curves are  those specified 
in the ?tCA hand-booh on photosensitive devices and in actual 
practice the responses should vary little from those given. 
Xote that the radiant sensitivity of each detector is the 
same as mentionee m assurrpoxon j.» 

3-    The hypothetical source of radiant energy is assumed to be 
a perfect blachbody radiator.    This v^ould mean that the 
emissivity of the source will be 1.0 at all wavelengths of 
interest.    It is doubtful that t,he radiant output of actual 
I-lBDs will have this property, however, we have shown that 
the ITv/lE ratio measuring technique is insensitive to the 
rajnitude of the emissivity as long as the errissivity is 
fairly constant over the wavelengths of interest.    (Sven 
this is probably not tree but the broad response bands of 
the cutout detector tend to average the variations of .'.     \     ...... . , e'.'^.s3ivaty>.   .'.atn tnese assumptaens we may now maice a 
theoretical estimate of the temperature range and output ..■'■'■- 
characteristics of the output detector system.   Tables are 
available- which define the percentage of radiation at each 
wavelength eminating from a blackbody at a given temperature. 
figure A6 shows some of these data graphically for two 
different temperatures. 

2y multiplying the percentage of radiation emitted by a 

blachbcdy at a given wavelength and temperature times thjs sensitivity 

of the. photomultiplicr (s) at the same wavelength a curye of photomultiplier 

output as a function of wavelength will be generated for. each temperature. 

cj integrating the area under these curves with the aid of a planimeter 

a curve of photcmultiplier output as a function of blackbody temperature 

may be obtained.    These curves, onj for each photomultiplicr, are plotted 

in Figure A2.    Xotice that the 7102 or infrared detector roaches a peak 

output at 1000° Kelvin while the 1?2S or ultraviolet detector reaches 

its peah output at 0GCO0 ICelvin.    At 65C0oK both detectors have equal output. 

"Tables, of ?lar.cl-:'s,Hadiation cr.d rhoton Functions, A.N. Lowan & G. Blanch, 
•journal Cpt. Spc. .-ca. p. 70 (*v>r0). 
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Ey r.ov; "cdcir.^ the :\voio of the output of the UV detector 

to th£t of t'.-.e 7102 dotoctor we o&t&lr. the curve of UV/IR output 

ratio £.s a fur.ctior. of tatperaturs as shc-vn ir. l-'i^ure A3.    It is 

obvious that the function is nut lir.eur ar.d therefore, is actual 

practice a curve such as this would bo r.ecossary if an estimate 
o^ üO;..O output ■c«::.v3c:r,

i?.turo v.'or« röcuiisi;a.    For output nodjure.-.-.ontß 

on. a series of sird.lar devices no knowledge of ecuual temperatures 

vrould be required,  o::2.y the knowledge that increased UV/IR ratio 

indicates increased temperat"u:',o would be needed, but for squibs 

and igniters one rrdght vdsh to measure temperature.    Figure A2 

shows tr.at the useful range of the present output detector system 

probably lies in the region from 2000° Kelvin to above 9000° Kelvin. 
o According to Cook   the temperatures to be expected from detonations 

lie in the range of 20C0 to 6CG00 Kelvin.    Squib temperatures are 

probably no lower than 2000° Kelvin, so that the present output 

detector system, seems adequate for the measurement of the temperature 

of interest.    Should the need arise later to measure reactions of 

lower temperature a simple substitution of a different photomultiplier 

in place of the 1?23 would fulfill it. 

*he Science of High Sxplosives, »-».A. Cook, New York, Reinhold Pub. 
Co., 1953 p. 38. 

A14 

\ßj 



i-im i in tfrnrnwiV WWW IPWWWWTW,)! II iiliiiiniiiWJWW^gWHi^^WWW^^WI^WWllll        I  ■ — 

i 

I 
s 

at o 

indino hi ox AT. jo ouva 

» 1 c 

HA- 

■■--■■- — ^—^ 

mmmmm 



ADDITIONAL DATA CA M42 P^L-^^S 
AS SU??LILD SY J. l^LPI-nSY 

10 

- 



.CO 
p 

L'42 P^iCUiSIüM CAI'S 

^"1,   QMA I 

:/ 
f 

ZSS:^^iB^JiyM3^ii2ä! 
\in •'•\ n-i^i '2t±uQZL&l^LJ$3. 

I.; 

'■.'. •-'■' J/'..'\       " 

{"- -/.'.v,1 

.L2^QJ±. "I/J- 11.10 

>Ma££>iU-L 
h-/ 

7.W 
±J^lrl L±2. ZJZJL 

{ ^.TS^-ri/:> ■'■■",rQr^, I     LJi2Jf\      LLLI2 

I1        •-!y 

■ Mil 
/. /> r> 
n.liöö. 

.o. 
'.yA ..■•'y.-':'-; /    -^/■"/.^■-..'/'-.^ ; i. /, ir       i o.c 6J 

■ -'/!• v/,A rv •' ^O.-«// /,-.^., /;• 

'ALU'."! 
J^TL L< 
till !     iili 

SLX 
em 

•r ■'•-,:/ r.'.i n,!     /Ulil!     iiilif 

JL^ 
A2. 
^^/r 

■I/AYYVl' i3A 
CL£&2} ̂  

i  » 

C2.^ 
\ 

T '/•. 

//•./y-<,..;,...,.;. 
iJib^i^ 

Ö.-1 ÖA- 
'h*'  ///■-   ' j-i. r JLJL Ail. 

\^"l^^\    'f/ <*\j' 
f //■    -   , /■/-.    i,.   i 

■.m/ 

/, Q 1.70 
o.t').?]     (UlAiA     i*Ml 

±JL 
JuJL 
i.n 

u   <y'-■'^:v^A~--vv:-//W-       r>'fL       UMJJUI  ! i^'^o 
.j 

irUdA 
I 0^7 

£_kid     ^»1^      O^^zii O.hv-O 
.',+, ^r/i-r:;;.^ jw^-w. •) ^ cy-?. 

ä^,^ Ä i .^•//''-,,",,'-;'^.^ 
3. f)/ 2JL1 

2^2_j   I      UILLJ     Os^tl 

i y ! I 

). 3 3 

?.o^ 7^'A/ 

AM. llO /^.4./j    I  /£il^   '    cfl>.0    I /^7>0 
/<   " - ■■ ."-•TN."/'^' ' ''■,'/ .T^,T' '' JLLZ. 2^3   /zZLd2 
>/   '/ / / in L .0 QA n 

IN 
? 

f: '   " 
...     _;^.;^,:^..,..;v^^..ry.t\'. 

At 

■HMMHMHMMMi 



IWP n 

KJ 0 ft./. 2^ 

1 
1 P;;;::-:fe   \f<i:^^>. f^'<'/}}4 >■:-] 
1 "'■■•',{'/>.:-/. :.v?/  ?-•;>•;' ■:/)i,' f"?/? 'U 

/%//'/^
]^:///:<^{ //,-//,-- i ! 

J>-':'s\r<' O'Z'*'^     I / \ 

^»//^   !&/-./.v^v ! 1 l/.O ///r. /)    !   93. D /^^.ö I 
'-    •/   •*         VV'-Zfi^p'cjÄC, ̂ .:< 9.r ^.•^       •;,.•;'.. ^:c' ■ o i 

,. I.       ■■    ——    ■      ^l..    . ■»      ■■■4 ■        J.I.M.    — T-rrv ^',6 ^. -'^ fhh o 

MM"^—"    ' — .^m —■        ■•   •-.   I ■ ■       —   nJ   ■■   Hill   ■■!    ^^MM»^— ■   !■   1      ■■   ■■!■      ^ ■^■^■^^^—M^^p——^.a 
7 1 I \ * I   7/ 

^//^    li'v;^^^! ni..o \ /t/*o f & i.ü i 

„v.    ^.4^.r;-a.-..^ «i.S 1       Z. ^ 1,%' o, r i 
'•"•"       fe^/^/'^^.y./^ I     /(l4 1       f),? i       6' . 7 -/^ 
.. ..v      ( \    1   '  '                      |                 1 
^r/./C^fT/A^f  i    ^^ i 

i 
1 
t 

•^-rr^r f ! 
/A> hb     i Br^JjJk y /) ^.^ /.^^i? ^,0 W*0   1 
"   /•  ♦*         ■'■.1 ■■.'J,:-Ur-//i ^■■-^IjA.'ti.'■■'..> Lo 1    -^ /.^ _ ' t^ < 1 ,D 
.,    •.    ••         \*ff^chf*i)ft/','*</>/$**. i.r ?..!?. 0^7 '" Ö. % 

I           "i ~ ' i 
fhr</X-.^:J-lö fF    So % A h) 1 

1 

' /■■/!/   \lhr/*y,"ly   \ 

■-w/J'h      ^'-^/Jj-J^'^rl:, &,r i-i" ir C 1*0 
"'» '<    ^UMX},fv%~ i^ ^.r (?#6 0*1 
        ^;^4/i        ' no,D / A/rÖ ^^^ »'no 

i                         I 
^^'...•■■•:-//.f^^'^^/?.// i 

^/  k^-J^v, "T" Vr/UA'A r>yy ^^>X   x'^-.'.-v .j,.^... J. ̂ rfi.'sr.^r''!') '^'fiAr'VstT 
•a \ r^JtM",- /V/vv- .^ / r^ 'A). /^.^./.-y/v 

1 sw i/•/■is.. ,L-if(■•>''/ ^ '\ 1 ^1 
i                 I /'i                                         I                    i H                                   1                 i 
i            ! 
i            I 1 

«* i 1 
• O      i/li.1  «J CALCULAViON   £i i ♦■.»O 

ii"! 



o o  ' 

Om^ 3 
I 

!Q-,.;, w- 1 %^r^) W.r^vhkm^ffrt'k 
/:■ i/;-- .:^.:,< ^iLiil^   U/^53gg-i 

^r'vO' fr9.-0    j   < ^7;/   ! <"30,0 lö.ö 
■'.■■■    r— .      ■ i       — /■n /}  i (h ■: i ^..0      <- 6.'/ 

! !       ^ i  D^< 1 -*" ./)! i 
I 

i 1           i            i           i          T         1 
(yr^/y ■/-"-'> ^////^ 

r— )f7':: i-l. 1 i             i 

U; ''/•''I   '-'''.'V     /?- ^..^        i 1            ! 
• iy^l^- ! -^         1    ^^ t                   '   '                          t *, /. 

i 1    y.o !        2..0   1 .^/ 1 ^ ^..-^ 1 
-   /    .^^ , i    ö.r i     D./ri ^^ 1 "* o.o   1 
*                                                                                         | 
1                                             •                                           | 1 1               1              1 

^# '•'.'-■••^■-/O^ 7' .'^ /?t/   1 
.^, •*   i'-,^   ^ i ! 

i 1              1 
. >/ iD^vV.^ i   7^2.0 ; m.o trz. 0 w.n 

ilfe^ i      7./. !   a.r <L. V ^ 0*(o 
■ ^^Lfe^' I        ^A ^ ^.A 5.0 ö.q 

i 
1 

/W^' 'K^'i,,r/f{yT   f 
•■;>7. /?//      i     : .... 1 

_^ 1 
i/ l^r^fj/. 1     ^ -v, Ö ^ro   1 <n* tltO 

1        9.0 ~, ^  1 /./. ^ Ö   0 
* 

('■i-.:-~A:'i 1        1Y) ).// /).7 Ö.D 
i 
t 

i            i 

!          J            1            1            i 
i            1            1            1            1 
i i            1 I 
i            i            1 
'111 '11 
t                                                     i                                                    '                                                      I 

Q 
..^•/^^^^^^.J 'A/    1 .A»/,A* /'■ 

\ 
i-A^'ib-AnU^. 

J            t n   ■ 

1                  i I'                               ] u / 
■ 

• • 1 1                                 j 
CAUCULATiOiS   Gi iiti. 

V 

MaMBH mmmmmm0 



.. 

• 

;.--1 • 
. ' J ") 

• 
:-:: 

-" ' . 
~ .-

?: .3LE 2:3 

Sllk.l.ARY Oi;- l'ERCUSSI0~ C,\P :aXES 
J.S SU:.) Ptr.t:JJ 13 Y J. PELPt~EY 

--

·I 

:.:_ ::. 
--~~~---~-----------··----------~-----------~-----------~----------

.-,, 
' 

·"' ... . : ,·,, __,•-:;· . : ·r . -
." ~ -·· . .. . ) .... ·~':-; .~ ', ~ .··· , ,. . ( / . 

';~~t1~{::., ' .. _. --------::----------..:·=._!~-:;;._-~ ____ . __________ . _________ ··--------
(:!J_:.'/,''· .'.·r: ·.'l ' .. , - ·.·_ -·~r"'--'--··---------------------'-'!"')'-:-----------·---------.·---------::;_- :~-:-;:- ·-:;,1 ·-' 

/ ?_/ r:/ . .' ·•/. _'..;./ ________ ~-----::--------·---.:::..)~---··-------.'--.;.;...----·:-------

' 
__ p/ / . ·~ ·; -;J ,1 - ,

/'..'";., / -'/~ •/ • . '· ··"':'; ·· ·/;.#, 
r ---'7;::.,----,·:-. · I 

--i~;· ~::;;::.-:. ·· .... ..--.::;:.-_._;_ .. _·:..;··::-:..'.:.·---.--------------- !.,L . Q: I 

v /./.._/~~·. :..· -;':,;---:----------------=----:---------:·----':1;:.--.l~---·~'-------:' P .. -/:'-',~l,..,~,·> . -t::~ ;,/,_,. j !-
~ •. ~~,~~~--------:--------·----------"'----~~----~~---------~-----·-------

~-:;.,;·-;;;. :; :.. .!~,'!;.,.;,_,, ? _ 0 
--~~~...:;..~~ --,.--~--~~-----------~-----------~-----------·---~-=~----~------------:------------(.~· I 

.I 

------------·-----------·----------------------·--------------------~-----------~~ ----------
-----------------------------------~~-----~----------~--~-------------------·'-----------

·----------------------~------------ ·------------------------:------- ' ;, 
-- -i, :.::.:. :.-:-;..z;;::::: ~:-.-. _-.-.. -.-;.---..,-.,......,.-~---=----,c~~~ -.:c:~ ~n.:=·;:.-=-----------------..,.,~~--.-,, ... 

... . . ···. 
,. 

_______ _,_ .. 

.... .. ,. 


